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^METHOD OF APPLYING METAL COATINGS ON __PARTlCLES AND 

SUBSTRATES, 

CI 

Technical Field 

5 

The present invention relates to the technology of applying metal coatings on the surfaces 
of various materials (particles and substrates) including dielectrics, semiconductors and 
metals. The invention can be used, for example, for the metallization of abrasive particles, 
in applying metal coating to ceramic materials and in electronics. 

10 

Background Art 

The techniques conventionally used for applying metal coatings on the surfaces of 
materials include chemical vapor-phase deposition, plasma assisted deposition, metal bath 
15 deposition, electroless deposition, electrolytic deposition and solid-phase reaction 
techniques. 



The technique of vapor-phase deposition (patents US 5 250 086, US 5 232 469, US 5 224 
969, US 5 126 207, US 5 024 680, US 4 399 167, US 3 924 031, US 3 871 840, US 3 650 

20 714) uses gaseous mixtures at low pressures and high substrate temperatures for the 
deposition of carbide-forming metals, such as chromium, titanium and zirconium. For 
example, patent US 5 224 969 describes a process in which a layer of fine chromium 
powder is mixed with the diamond and heated to elevated temperatures (600-700 °C) 
under 10" 6 torr vacuum (or in the atmosphere of argon or hydrogen) During the process 

25 agitation is applied in order to prevent the particles from adhering to one another. The 
treatment causes the metal powder to vaporize and redeposit on the surfaces of the 
diamond powder forming metal carbide. The drawbacks of this technique include the use 
of elevated temperatures (600-700 °C) which causes diamond degradation, the use of 
expensive carbide-forming metals, the necessity to apply a second layer of metals which 

30 are more oxidation resistant and the necessity to apply agitation in order to prevent the 
particles from adhering to one another. 



Plasma assisted deposition technique ( US 5 489 449) allows one to obtain an adherent 
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metal coating on a flat dielectric substrate. In the case of coating a powder it is necessary 
to create fluidized bed conditions in order to prevent particles from adhering to one 
another. This causes high expenditure of purified gases, especially if the particles are 
relatively large (more than 40 |j.m). Other disadvantages of the technique include the use 
5 of elevated temperatures, expensive reactors, high expenditure of oxygen-free gas and 
short lifetime of the electrodes. 

In the technique of packed salt bath deposition (US 5 250 086, US 5 224 969, US 5 306 
318, US 5 090 969) abrasive particles are immersed within a molten bath of one or more 

1 0 alkali or alkaline earth halides with a carbide- forming metal, such as chromium, titanium, 
tungsten, zirconium, vanadium, niobium, tantalum, molybdenum, the process operating at 
600 - 100 °C, for chromium, preferrably, between 800-950 °C (US 5 250 086). Patent US 
5 306 318 describes the process of coating particles of cubic boron nitride with titanium; 
patent US 5 090 969 describes the use of molten alkali metal ftoride for the metallization 

15 of diamond and cubic boron nitride. The disadvantages of the technique include the use of 
elevated temperatures (600-700 °C), which causes diamond degradation, the use of 
expensive carbide-forming metals, the necessity to apply a second layer of metals which 
are more oxidation resistant and the necessity to apply agitation in order to prevent the 
particles from adhering to one another. The melts containing titanium (US 3 929 432) and 

20 titanium hydrides (US 4 591 363) have been described. Mechanical crushing of sintered 
particles aggregates is needed in this case, which leads to appearance of uncoated areas, 
cracks and other defects. 

In the electrolytic method (US 5 421 989) dielectric materials first must be coated with a 
25 layer of metal by means of other techniques. The technique does not have the drawbacks 
of the described above methods and is characterized by high productivity; however, in 
case of powders containing up to 50 w. % of metal the quality of the metal coating 
obtained is low. 

30 Electroless technique (US 4 435 189, US 5 188 643, US 5 648 125 r US 5 221 328, US 4 
997 686, US 4 520 052) comprises degreasing, cleaning, activation and sensibilization of 
the surface of a dielectric material with a subsequent reducing of a metal on the surface 
from the metal salt solution. The process is slow; increasing metal content in the solution 
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leads to segregation of coarse metal particles and the coated material; the degree of 
coverage is low (coverage coefficient 50-70 %) which can be explained by the low 
density of metal crystallization centers on the surface of the dielectric material. In this 
technique it is difficult to control the thickness of the metal layer. 

5 

Solid-phase reactions are utilized in the process of coating in a number of patents (US 4 
063 907, US 5 256 443, EP 0 513 821, EP 0 508 399). Patent US 4 063 907 describes a 
process in which mechanical treatment of abrasive particles and metal compounds is used, 
with a metal compound being able to be decomposed or reduced at atmospheric pressure 

10 and temperatures 800-1400 °C, e.g. molibdenium, tungsten, titanium, niobium, tantalum, 
chromium and zirconium sulfides. The use of high temperatures and low degree of 
coverage of the material are disadvantages of the technique. Patent EP 0 513 821 
describes a process in which a thin film of solution containing a noble metal alkoxide is 
deposited on the surface of a substrate, dried and heated in a reducing atmosphere in order 

15 to obtain a thin film of noble metals and/or in oxidizing atmosphere in order to obtain a 
thin film of noble metal oxides. Patent 5 256 443 describes .a process in which a sol 
containing noble metal alkoxides is prepared, and a thin film is dried until a gel is formed. 
The technique does not permit to obtain a thick adherent coating; the reagents (metal 
alkoxides and palladium salts) are expensive. 

20 

Patent EP 0 508 399, which is the closest analog of the present invention (prototype), 
describes a process in which a substrate and an organic salt of a metal are heated to 
temperatures not higher than 400 °C at low pressure in the presence of palladium salts. 
Pyrolysis of the organic salt of metal takes place, and the products of the pyrolysis form 
25 the necessary coating on the substrate. 

Disadvantages of the prototype process (EP 0 508 399) are following: 

1. It is impossible to obtain a coating which would be dense, adherent and thick, because 
a substantial amount of gaseous products is formed during decomposition of the 

30 organic salts of metals, which leads to porosity and low adherence of the coating. 

2. If this method is applied to powder dielectric materials, it is laborious and expensive, 
as in this case it is necessary to agitate the powder during the process of pyrolysis of 
the organic salt of metal by means of creation of the fluidized bed conditions or by 
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means of pulverization and drying. If this process is not performed, mechanical 
crushing of sintered particles aggregates is needed in this case, which leads to 
appearance of uncoated areas, cracks and other defects. This is a common drawback 
of all methods comprising mechanical crushing of sintered aggregates (patents US 3 
5 929 432, US 4 591 363). 

3. The reagents (organic salts of metals and palladium salts) are expensive. 



Disclosure of Invention 

10 The goal of the present invention is to obtain a dense adherent coating with a controlled 
thickness on the surface of various materials which are able to withstand heating to 200- 
500 °C (diamond, abrasives, ceramics, glass, dielectrics, semiconductors, metals), the 
coating having high degree of coverage and the process being highly productive and 
inexpensive. 

15 

The goal is achieved in the following way: after degreasing and cleaning of the surface of 
materials, the particles of a compound chosen from the group of metals, alloys, metal 
oxides, metal hydroxides, metal sulfides (metals are copper, nickel, aluminum, zinc, 
titanium, tungsten, germanium, gold, cobalt, molybdenum, tin, palladium, platinum) are 
20 mechanically smeared on the surface of the material with a subsequent reducing of the 
compound in non-oxidizing atmosphere on heating to 200-500 °C. 

In contrast to the process described in the prototype patent EP 0 508 399, said inorganic 
compounds release small amounts of gaseous products of decomposition, which allows 

25 one to obtain a dense adherent coating with a high degree of coverage. The thickness and 
degree of coverage were estimated by the technique of X-ray diffraction (see Mode 1). 
Adherence of the obtained coating was estimated by means of comparison of the X-ray 
diffraction patterns of the metallized powder before and after treatment in an ultrasonic 
bath (see Mode 3). The described technique is less laborious and less expensive than the 

30 prototype as its application to the coating of powders does not require neither fluidized 
bed conditions nor pulverization and drying; expensive reagents such as palladium salts 
and organic salts of metals are not needed. 
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Degreasing of the surface is usually performed in an alkaline solution. Cleaning of the 
surface can be performed by etching in dilute acid or by other methods, for example, by 
laser treatment of the surface of the substrate (S.M Pimenov, G. A Shafeev, V. A. Laptev, 
E.N. Loubnin, Appl. Phys. Lett., 64 (15) 1994, p. 1935-1937). The materials which can 
5 be coated by means of the described process are: synthetic and natural diamond, cubic 
boron nitride, corundum, ruby, sapphire, silicon carbide, fianite, ceramics, glass, 
semiconductors and other materials that are able to withstand heating to said 
temperatures. 

10 Coating may contain copper, nickel, aluminum, zinc, titanium, tungsten, germanium, 
gold, cobalt, molybdenum, tin, palladium, platinum and their alloys. Mechanical smearing 
of the particles, which would form coating, is achieved by mixing in various mills and 
mixers. If the surface to be coated is flat, one has to spread the particles on the surface by 
rolling or by pouring a suspension with a high content of the solid phase with a 

15 subsequent drying and rolling. A substrate having a complex shape can be treated with the 
help of pulverization of a suspension or of a powder. 

The compounds that serve to form a coating are monoxide and dioxide of copper, 
monoxide of nickel, oxides, hydroxides and sulfides of said metals. One can also use 

20 metal powder. Reduction can be performed in the atmosphere of argon, purified nitrogen 
or hydrogen or at low pressure (10" 3 torr). The value of the maximum temperature of 
heating depends upon the nature and degree of purification of the gas used, upon the 
pressure maintained and upon the compound used for coating. When hydrogen or other 
oxygen-free dry gas or vacuum (10* 3 torr) are applied, it is necessary to heat to 200-500 

25 °C. One or several layers of the metal coating can be deposited by means of the described 
technique or by other methods on the metal coating obtained. The metal coating obtained 
can be protected from oxidation by treatment in organic solvents (CF2G2, CHC1F 2 or 
CF 4 ). Sometimes it is necessary to obtain a layer of metal oxide on a substrate or on a 
powder. In this case the metal layer obtained is heated in oxidizing atmosphere till the 

30 required degree of oxidation is attained. 

The metal coating produced by the described method is characterized by high density and 
high value of adhesion to the surface of the coated material; one can obtain a coating of 
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desired thickness and degree of coverage; 100 % degree of coverage can be achieved. The 
method is also advantageous in that the process is performed at relatively low 
temperatures and does not require neither equipment of complicated design nor expensive 
reagents, the process has high productivity and it can be organized in such a way that it 
has no waste products. The metal coating obtained has a rough surface, which provides 
good retention of metallized abrasive grains both in metal and organic matrixes of 
abrasive instruments. 



The present invention is explained below in more detail by reference to the following 
10 Modes, but the invention is not construed as being limited thereto. 



Modes for Carrying Out the Invention . 



Mode L (Best mode) 

15 

After degreasing, cleaning and drying, synthetic diamond powder (particle size 50 jam) 
was mixed with copper dioxide (diamond/copper weight ratio 1:1). Mixing balls 
(diameter 5 mm), which had been previously treated (fettled) by copper dioxide, were put 
in the mixer; the ratio of the masses of mixture and mixing balls was 2:1. The process of 
20 mixing took 20 min. The mixture was heated to 450 °C in the atmosphere of oxygen-free 
dry argon. The end of the gas release indicated the end of the process. After cooling the 
powder was treated by CF 2 C1 2 and dried. Productivity in this case was 3 kg/hr for the 
reactor of 6 liters. 



25 The degree of coverage and the thickness were estimated with the help of X-ray 
diffraction technique. The depth of penetration of CuKa radiation in a copper sample is 
more than 3 [im. The diffraction maximums corresponding to the structure of diamond 
were not observed in the X-ray diffraction pattern of the dimond powder coated with 
copper. Thus, a conclusion can be made that the thickness of the coating is more than 3 

30 urn and the degree of coverage is 100 % (the accuracy of the measurements is 0.5 %). 



Mode 2. 
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After degreasing, cleaning and drying, powder of cubic boron nitride (particles of 50-60 
\xm) was immersed in an aluminum suspension. The suspension had been obtained by 
means of mixing aluminum powder in a solvent containing water and ethanol for 15-30 
min. The solvent was then evaporated at 100 °C and the mixture was heated in a closed 
reactor at temperatures 250-300 °C After cooling the powder was treated by CHC1F 2 and 
dried. The degree of coverage was estimated by the technique of X-ray diffraction and 
was found to be 90-95 % (the accuracy of determination was 0.5 %). 

Mode 3. 

After degreasing, cleaning and drying, corundum powder (AI2O3, particles size 60-80 [im) 
was immersed in a titanium suspension. The suspension had been obtained by mixing of 
titanium powder in a solution containing water and ethanol for 15-30 min. The solvent 
was then evaporated at 100 °C and the mixture was heated in a closed reactor at 
temperatures 250-300 °C. After cooling the powder was treated by CF 4 and dried. 

Adherence of the coating was estimated by comparison of the X-ray diffraction data 
obtained before and after treatment of the metallized powder in an ultrasonic bath at 
frequency 20 kHz for 3 min. No difference between the X-ray diffraction spectra of the 
metallized powder before and after ultrasonic treatment was found, which is an evidence 
of a high value of adhesion at the metal/dielectric boundary. 

Mode 4. 

A ceramic plate containing zirconium dioxide was degreased, cleaned and dried. A 
suspension of high solid phase content was poured on the surface of the plate to form a 
film of 10 urn. The suspension had been prepared by mixing nickel monoxide (90 %), 
polyvinilbutiral, plastifier and stabilizer in a mill containing milling balls. After drying the 
plate was heated in the atmosphere of dry hydrogen at 390 °C. Release of the calculated 
amount of water indicated the end of the process. After cooling the plate was treated in 
CF2CI2 and dried. 
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Industrial application . 

The invention can be used in industry in applying metal coatings on the surfaces of 
5 various materials (particles and substrates) including dielectrics, semiconductors and 
metals. It can be used, for example, in manufacturing of abrasive tools for the 
metallization of abrasive particles, in automotive industry for producing metal-matrix 
composites, in applying metal coating to ceramic materials and in electronics in 
manufacturing of such devices as heat sinks, circuit boards, resistors, electrodes, sensors 
10 and magnetic media. 
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